Following the initial demonstration of linkage between autosomal dominant polycystic kidney disease (ADPKD) and 3'HVR on the short arm of chromosome 16 tified as having a single recombination event between PKD1 and flanking markers.
Three subjects from three different families were recombinant for 3'HVR and non-recombinant for CMM65 and VK5. One person was unaffected with a negative ultrasound scan at the age of 37 years, and is therefore unlikely to have a false negative diagnosis; the other two are affected. In these three families, the crossovers have occurred between 3'HVR and CMM65, placing the diesease gene proximal to 3'HVR.
Five people from five different families were recombinant for 3'HVR, uninformative for CMM65, and non-recombinant for SM7. All these people are affected with a clearly positive ultrasound scan. Since CMM65 was uninformative in all these recombinants, probe MS205 (fig 2) was used to type the families. MS205 detects an RFLP and maps close to EKMDA220 which is distal to CMM65. It was informative in all of the above recombinants. All were non-recombinant for MS205, which localised the crossovers to between 3'HVR and MS205, and the PKD1 gene to a position proximal to 3'HVR.
In family PK27 (fig 3A) , three recombinants have occurred, all in affected subjects. II.4 is recombinant with 3'HVR and non-recombinant with KG8, 16AC2.5, CW2, and 26-6. This places the crossover between KG8 and 3'HVR and the PKD1 locus proximal to 3'HVR. I.1 and I.3 are both non-recombinant with 3'HVR, KG8, 16AC2.5, and CW2, and recombinant with 26-6. This places both crossovers between CW2 and 26-6, and the PKD1 locus distal to 26-6. The 26-6 typings were repeated and found to be consistent. Confirmation of these recombinants with other proximal markers was not possible, since I.1 was uninformative for VK5. The probability that this family is linked to PKD1 is only 0-57, based on a previous heterogeneity analysis.' However, exchange of flanking markers has been shown to occur in all three recombinant meioses, suggesting that it may be linked to PKD1.
Subject III.5 in family PK19 ( fig 3B) is recombinant for 3'HVR and CMM65, and non-recombinant for CW3, CW2, and VK5. The other markers are uninformative. This places the crossover between CMM65 and CW3, and PKD1 proximal to CMM65. III.5 is, however, unaffected with a negative ultrasound scan at the age of 23 years, and therefore the possibility remains that he may develop the disease.
Taken together, the above results localise PKD 1 distal to 26-6, and proximal to CMM65. 3C) shows a more severe phenotype: the father (I.1) received a renal transplant at the age of 64 years, and the affected daughters (II.1 and II.2) are hypertensive with normal renal function at the ages of 43 and 39 years respectively. In family PK29 (fig 4A) , II.1 required dialysis at the age of 51 years and was transplanted the following year. II.2 has been lost to follow up. All three families are of Scottish ancestry. The three unlinked families seen in this study are similar to those first described by Romeo et al27
and Kimberling et a!28 in that they show a more severe ADPKD phenotype. The identification of family PK29 as unlinked only occurred after analysis of the family with further markers because of a potentially interesting recombinant. More families may therefore be found to be unlinked if they are typed with a large number of loci.
NEW MUTATIONS
Dalgaard29 calculated the rate ofnew mutations in ADPKD to be between 6-5 x 10-5 and 12
x 10-5 per gene per generation, one of the highest mutation rates in genetic disease. This is likely to be an overestimate since many patients with ADPKD are asymptomatic with normal renal function, but can be diagnosed on ultrasound scan. Since this technology was not available in 1957, it is possible that many parents were given a false negative diagnosis, thereby increasing the apparent mutation rate. A high mutation rate is inconsistent with the presence of linkage disequilibrium, which has been detected in this population. 30 Only two possible new mutations have been seen in the 36 families studied, consistent with a relatively low mutation rate and high reproductive fitness in ADPKD.3' Direct determination of the mutation rate from these data is difficult, however, because (1) the size of the population from which the 36 families were ascertained is uncertain because of incomplete ascertainment; and (2) other families with only a single affected member were excluded from the study. 
